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CASE HISTORY ON THE FOUNDATION AND SITE LIQUEFACTION POTENTIAL
EVALUATION FOR THE RENOVATION OF A ONE-HUNDRED YEAR OLD
BUILDING
Vassilios K. Magginas, P.E.
Geotechnical Consultant
6 Turnham Lane
Gaithersburg MD, 20878
United States of America

PaperNo. 3.01

ABSTRACT
This case history involves the foundation and site liquefaction potential evaluation for the renovation of a one-hundred-year old building.
The subject project is a four story structure with one basement, built of thick masonry walls and supported on shallow foundations. The
project site is located in a seismic zone 3 per UBC. The subsmface geology consists of alluvial inter-bedded layers of silt, sand, and clay.
Substantial additional loads were considered during the proposed renovation, and thus an extensive study on the foundation and
geotechnical aspects of the project were required, including site geology, evaluation of bearing capacity and settlement, evaluation of
factors of safety on bearing capacity before and after the proposed renovation, and evaluation of the liquefaction potential. Foundation
aspects and boundary conditions of new elements for seismic retrofit (such as shear walls) added to the existing structure are also
presented.

KEYWORDS
Liquefaction; Masonry Walls; Shallow Foundations; Deep Foundations; Seismic Zone; Alluvial; Inter-bedded Layers; Soil Bearing
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INTRODUCTION
The foundation rehabilitation and seismic retrofit of historic and
relatively old structures has always been a very important
engineering aspect especially in countries which have local
architectural and historic preservation laws. Very often
engineers are faced with a number of restrictions in renovating
these structures, especially at the foundation level, ranging fiom
accessibility to bring equipment to perform rehabilitation work,
uncertainty of the conditions of the existing structure, to
minimum vibration requirements to neighboring structures. This
paper presents a case in which similar work was required for the
structure described below in Ljubljana, Slovenia.

The Existing Structure
The existing structure was designed in 1896 as a residential
structure, but over the years the use ofthe building was changed
to office space and lately (before the proposed renovation) to a
partial library. The first three stories of the building are
supported on thick bearing masonry walls, while the fourth floor
is a heavy timber wood framing structure. There is also one
basement. The thickness of these masonry walls varies
throughout the building but, in general, ranges between 60 em
to 80 em thick. The foundations of the building consist of
unreinforced concrete continuous wall footings having thickness
of 40 em and width ranging fiom 70 to 105 em. Immediately
below the foundations, the soil consists of a silty clay of low
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plasticity contammg large amounts of gravel and cobbles.
Considering the age and its location in a high seismicity area,
the overall structural condition of the building was very good
without showing signs of structural damage, significant cracks,
or foundation related problems.

The Proposed Renovation
The proposed renovation of the existing structure consists of
upgrading several structural components, adding a new stair
tower attached to the building, as well as retrofitting the
building seismically. The main reason for doing the above
renovations is to prepare the building to be used exclusively as
office space including the requirement of supporting much
higher live loads. In order to facilitate architectural as well as
functional requirements, the following major components of the
structure were chosen to be upgraded:
•
Upgrade the existing wood floors (built of
wood beams and wood sheeting with ruble
till in between) to reinforced concrete floors.
•
Add four reinforced concrete shear walls at
specified locations as part of the seismic
retrofit plan.
•
Build a new addition (stair tower and
eievator) over the entire height of the
building.
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Based on the proposed renovation, significant additional dead
loads were applied to the existing foundations of the structure.
In addition, considerably higher live loads were expected after
the renovation and the occupation of the building. These
additional loads in combination with the proposed shear walls
and the new addition attached to the existing structure raised
several geotechnical and foundation related issues.

samplers or from the auger cuts. To better establish the
~ubsurfa~e soil profile in the ~mmediate vicinity of the site
mfonnatton from other bormgs previously drilled was
combined. A section presenting the general subsurface geology
in the vicinity of the project site is shown in Figure 1.

Geotechnical Issues
'

,' J'

Geotechnical issues and concerns focused mainly on the
evaluation of the existing foundations with respect to bearing
capacity, factors of safety before and after the renovation,
settlement, and site liquefaction potential. Evaluation of these
geotechnical issues was based on the perfonnance of the
existing structure over the past one-hundred-years, as well as on
the soil conditions and properties obtained from the
geotechnical exploration and the laboratory testing. Concerns
with respect to bearing capacity was expressed especially for the
areas of the structure where the additional applied loads (due to
renovation) were significantly higher, and at areas of the
building where the foundations of the proposed shear walls
would be attached to the existing foundations. The goal was to
maintain an overall final factor of safety against bearing
capacity failure of at least 2.0. Settlement evaluation was
required to detennine the magnitude of additional settlement
(under the proposed renovation loads of the existing
foundations) and in areas were the shear walls would introduce
(under static loads) additional stresses to the existing
foundations as well as under the proposed shear walls
themselves. Finally, settlement evaluation of the new addition of
the structure was required to detennine the structural
connections needed to facilitate anticipated movements. In all
the above cases, total as well as differential settlements needed
to be investigated. The liquefaction potential of the foundation
soils also needed to be investigated because of the seismicity of
the area, the high perched water table, and the relatively loose
alluvial deposits at the site.
SITE GEOLOGY
The site is located in a vicinity where young alluvial deposits
cover the area to a depth of about 20 meters. These recent
deposits consist mainly of inter-bedded layers of silty clay, silty
sand and c1ayey gravel. Below these inter-bedded young
deposits are older alluvial gravel layer extending to a depth of
about 40 m. Pennocarbonic slate exists at depths larger than the
40 meters.
The ground-water found to be at a depth of about 12 meters
below the existing ground surface. Perched water table is
encountered at a depth of about 2.5 meters below the ground
surface throughout the site.
GEOTECHNICAL INVESTIGATION
Geotechnical investigation at the subject site consisted of two
borings (designated as B-1 and B-2) drilled to a depth of 20
meters each and four dynamic cone penetration tests (designated
as DP-1, 2, 3, 4) recording blow counts continuously every 10
em to a total exploration depth of 15 meters each.
"Undisturbed" soil samples of cohesive materials were collected
using Shelby Tubes, while samples for grain size analysis and
atterberg limit detennination were collected either using piston
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Fig. I General Sod Profile and SPT Numbers.
In addition to the borings, four test pits were excavated at
selected locations of the building down to the foundation level.
Two of the test pits excavated near the exterior walls and two in
the interior of the building.
MATERIAL PROPERTIES AND LABORATORY TESTING
A laboratory testing program was established to determine the
soil properties of the different layers encountered during the
geotechnical investigation. This laboratory testing program had
two major groups of tests. The first test group consisted of basic
laboratory tests to identifY the materials encountered during the
geotechnical investigation and included tests such as liquid and
plastic limits, moisture content detennination, and grain size
analyses. The second group of laboratory tests consisted of tests
to detennine mechanical properties of the soil materials
encountered necessary for engineering analysis and foundation
evaluations and consisted of tests such as direct shear tests, and
consolidation tests. Table 1. presents a summary of the
laboratory tests perfonned.
TABLE I.
SUMMARY OF LABORATORY TESTS

Boring

No.
B-1
B-1
B-1
B-2
D-2
B-2
B-2

B-2
B-2
B-2
rP-1
TP-2

Sample
Oep (m)

3.05
6.70

Atterberg Limmits
MC(%)
LL (%)
PI(%)

26 8

10.9

35.6
105.8

18.6
74_2

3 55

28.3
25.2
55.1
24.6

31.4

7.55

45.5

87.0

9.90

33.2
37.6
24.7
28.1
26.0

29.3
47.1
54.4

9.3
62.2
16.0
23.8
5.90
21.1
28.3

36.5

12.9

7.45

12.90
14.50

16.90
17.85
2.20
2.50

35.6
52.8

16.6

17.2

14.2

36.4

27.3

DUW
(kN/m1 )

16.3
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BEARING CAPACITY AND FACTORS OF SAFETY

Bearing Capacity
Bearing capacity of the foundation soils was evaluated using
values for cohesion and friction obtained from the laboratory
tests, as well as from field tests. The bearing capacity of the
foundation soils was detennined using Terzaghi's bearing
capacity equation for strip footings [Das ( 1984)]. Based on the
deS<:ription of the foundation materials, the laboratory tests, and
the ground water levels, two cases were considered as the
"best" and the ''worst" case to detennine the bearing capacity
envelope.
Case 1:

Considers that directly below the foundations the
material consists of cohesive type soils (neglect
gravel and cobbles) having an average cohesive
value of 110 kN/m 2 • In this case, the potential
bearing failure was considered to be a shearing type
failure through the clay layer. The ultimate bearing
capacity in this case was evaluated to be in the order
of630 kPa.

Case lla: This case considers that the foundation soil consists
mostly of cohesive type soil containing substantial
amount of sand, gravel and cobbles and that the
"permanent" water table is at a depth of 12 meters
from the ground surface. Soil properties and
foundation dimensions were considered as follows:
Foundation width : 1.0 m
Foundation depth : 0. 7 m (below slab)
Angle of Internal Friction : 22 deg (based on DST)
Cohesion of the Soil: 20 kN/m 2
Soil Unit Weight (moist conditions): 20.6 kN/m'
The ultimate soil bearing capacity for this case was
evaluated to be in the order of 480 kPa.
Case lib:

This case considers the same soil properties and
foundation dimensions as in Ila above with the
exception that the ground water table (perched
water) is only 0.3 metes below the foundation level.
In this case, the potential failure wedge is partially in
the unsaturated zone and partially in the fully
saturated zone. The ultimate soil bearing capacity
under those conditions for this case was evaluated to
be in the order of 460 kPa.

Based on the above analysis, it was concluded that an ultimate
soil bearing capacity of 550 kPa should be used for design
purposes.

500 kg/m was considered for the ground floor and the
basement and 250 kg/m 2 for the other floors of the structure. A
summary of the structural loads and the evaluated factors of
safety against bearing capacity (before and after the renovation)
by specific structural element is presented in the following table.
TABLE2.
SAFETY FACTORS BEFORE AND AFTER RENOVATION

Found.
Segm.

Footing
Widlh
(mm)

Exist.
Bearing
Press.
(kPa)

New
Bearing
Pressure
(kPa)

Existing
Safety
Factor

New
Safety
Factor

Nl(l)
Nl(2)
NJ(5)
NE(1)
SI(1)
Sl(2)
SJ(3)
SJ(4)
SE(1)
SE(4)
EJ(1)
FJ(3)

1000
1000
750
1000
1000
1000
1000
750
1000
1000
1000
1000

331
247

372
278
273
326
361
297
336
268
326
247
326
291

1.1
22

1.5
20
2.0
1.7
1.5
1.8
1.6
2.1
1.7
2.2
1.7
1.8

245
295
323
266
304
242
295
225

286
258

2.2
1.9
1.1
2.1
1.8
2.3
1.9
2.4
1.9
2.1

SETTLEMENT EVALUATION
Settlement evaluation (total and differential) was considered to
be one of most important geotechnical issues, not only for the
renovation of the existing structure, but also for the new
structural components added to the building such as shear walls
and the new stair tower. Based on the soil profile determined
during the geotechnical investigation, the laboratory and field
tests, and the ground water levels, a computerized model was
established to analyze the potential settlement under the
different components of the structure.

;il
,

I

Factors of Safety
Factors of safety against bearing capacity of the ex1stmg
structure as well as after the proposed renovation were evaluated
using the ultimate design soil bearing capacity previously
detennined and the structural loads under consideration
(existing and proposed). The structural load evaluation
considers both dead and live loads of the structure before and
after the renovation. The total dead load transferred to the
ground for most of the components of the structure ranged from
about 6,000 kg/m to 28,000 kg/m before the renovation and
increased up to 37,000 kg/m after the renovation. A live load of
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Fig. 2

E~;timated

Total Long Term Settlement (in em).

Necessary parameters such as compression index to estimate
consolidation settlement were obtained using the results of the
one-dimension consolidation tests performed on samples
obtained at various depths. Parameters such as modulus of
elasticity to estimate the settlement of cohesionless materials
were obtained using the data of the four dynamic cone

penetration tests, as well as from the Standard Penetration Test
results [Bowles (1988)]. Settlement calculations for each
component of the structure were performed using the software
"Deform" considering a layered system that models the actual
field conditions. The results of this analysis are presented in
Figure 2 above.
LIQUEFACTION POTENTIAL EV ALUAT!ON
The site liquefaction potential was evaluated using the method
of computing the cyclic stress ratio at various depths by
considering the standard penetration and the dynamic cone
penetration test results [NA VF AC DM-7.3 (! 983)]. The results
of this evaluation are presented in the Table 3. below.
TABLE3.
LIQUEFACTION POTENTIAL (LP) EVALUATION

Correct.

3

14

5
13

10
21
40

20

Rt

Rt'RI

Evaluation

0.18

0.20

0.31
0.28
0.34

0.15
0.28
0.60

!.II
0.48
1.00

very low LP
med-high LP
lowLP
very low LP

Nl

Depth
(m)

1.76

SHEAR WALLS
Shear walls for seismic retrofit were proposed to be placed and
"doweled" adjacent to the existing bearing walls founded at he
same elevation as the existing footings. Schematically, the
configuration of the existing bearing wall and the proposed
shear wall is presented in Figure 3. The reinforced beams placed
in each side of the existing foundation were to confine the
existing footings and, to a certain degree to reinforce those
thought the drilled and grouted reinforcements added to them
[Roeder (! 996)].
•I ,-.,, "'
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stair tower were:
•
Significant differential settlement between the
existing and the new structure if shallow
foundations used.
•
Large overturning moments to several foundation
segments considered by the seismic analysis.
•
Bearing pressures applied to the foundation level
well exceeded the design soil bearing capacity.
•
Desire of causing the least disturbance to the
existing structure near the foundation level.
Drilled piers were connected with the same cap in groups of
three, five, and six depending on the location and load.
DISCUSSION AND CONCLUSIONS
Based on the analysis performed above and the factors
considered, the following conclusions were drawn.
Factors of safety on soil bearing capacity for various foundation
wall segments ranged from 1. 7 to 2.4 before the renovation to
about 1.5 to 2.2 after the completion of the renovation. An
overall factor of safety against bearing capacity failure under
static load conditions of about 2.0 for the entire structure was
considered.
Settlement evaluation of the existing structure after the
application of the new loads revealed that the long term
settlement (primary and secondary) would most likely be in the
range of about 1.0 to 1.5 em. The differential settlement within
the existing structure was estimated to be in the range of about
0.6 em, while the settlement of the new addition supported on
the drilled piers was estimated to be less than one centimeter.
Liquefaction potential evaluation indicated the possibility of
overall site liquefaction (at significant depth) is unlikely to
occur. However, medium liquefaction potential of the sandy
clay layer in combination with the perched water table exists.
Overall, the foundation rehabilitation and seismic retrofit of the
one-hundred-year old building was achieved by careful
foundation strengthening at locations where shear walls were
placed and at locations adjacent to the new structure. The use of
shallow foundations for the existing building and the deep
foundations for the new addition, in combination with
reconfiguration and structural performance of various elements,
contributed to the success of this rehabilitation both engineering
and cost wise.
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